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resonance in which the exciting force is the generator. In the
first case, a discharge gap to ground may very well be a sufficient
protection, because as soon as the voltage rises, this gap will dis-
charge. This will relieve the potential and even if it builds up:
otnce or twice more by resonance, the spark gap will discharge
again. When the generator supplies the exciting e.m.f.,
however, there is very much power behind it, and the resonance
condition will continue indefinitely; so that a spark gap which
will prevent a rise of potential must be able to carry current con-
tinuously. Of course such a gap is pretty nearly out of the ques-
tion this case would be equivalent to a short-circuit.

PRESIDENT STEINMETZ :-Gentlemen, before adjournment I
desire to announce that the next meeting will be held on
Feb. 28. The subject will be " Electrochemistry and Electro-
Metallurgy." Very interesting papers are promised by Dr. Shel-
don, Mr. Bradley, Dr. Keith, Mr. Hering, Mr. Jacobs and others.
The meeting then adjourned.

LCOMMUNICATED AFTER ADJOURNMENT BY MR. B. A. BEHREND.3
Mr. Thomas's paper is an extremely instructive and timely

summary of some of the phenomena that have obtained promin-
ence in recent years with the growth and development of high
potential apparatus. I wish to illustrate some points made by
Mr. Thomas by two diagrams. which show very clearly the im-
mense strain which has to be sustained by a cable, a transformer
or a synchronous or induction motor armature in the moment
at which it is put on to the high potential mains. The mathe-
m4tical analysis from which these curves have been obtained,
though somewhat complex, is identical with the theory of the
linear movement of heat as given in Fourier's classical work on
the " Analytical Theory of Heat." Lord Kelvin in 1855 applied
Fourier's analysis to the case of a telegraphic cable in his mas-
terly papers on the " Electric Telegraph" to which I wish to
-refer, as these researches have a distinct bearing on the phenom-
ena presented by high potential discharges. If we connect 1,000
volts direct current to 10 incandescent lamps in series, by sud-
denly closing a switch, very often the lamps near the terminals
break down, because in the first instant there is a greater poten-
tial across them than across the lamps near the miiddle between
the two terminals. This occurs only in the first instant, as after
a very short time the potentials across the lamps become equal.

Let us imagine a long cable, one end of which is suddenly
raised to the potential 1,000 volts, then at successive intervals
of time the potential distribution will be represented by the
curves numbered 1, 2, 3, 4, 5, 6, 7, 8, 16 and 256 in Fig. 1.
The general partial differential equation from the integral

of which the curves in Fig, 1 are derived is Fourier's well-known
fundamental equation.
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C being capacity per unit length and R resistance per unit
length, the solution of this equation for a cable of length /
is expressed by

j2 7r2

7 = V (1 -X/l) 1- IAisin(Sl x) C2 (2)
In order to satisfy the equation (1) 2 Ai sin [7w (i x/1)] must be

equal to the final value of v, i. e., (1 - xl) I V, by which condition
the Fourier series, and hence the problem, becomes determinate.
Now Fourier and Lord Kelvin have shown that this integral
may be transformed into the well-known probability integral
which is found evaluated in treatises on the theory of proba-
bility. Thus (2) becomes, for an infinitely, or very long cable,

2
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FIG. 1.-Distribution of Potential in a Cable at Different Times anid
at Different Points.

in which equation z is equal to 2V/ It follows

directly from the limits of the integral (3) that if t is taken
proportional to the square of x, the integral remains constant.
Hence, curve 16 being plotted from the table, the curves of the
distribution of potential at different times may be found by in-
serting the times for which we wish to calculate the integral into
VCR

2V,7 and changing x so that the fraction remains

constant. Thus we obtain the curves in Fig. 1. Lord Kelvin
in his paper on ' Fourier's Law of Diffusion " plotted similar
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curves, but he did not plot them for successive time intervals as
i have done, probably because this is more wearisome.

It is also easy to transform the Fourier integral (2) into an
integral which permits of evaluation bv means of a table, but
I must reserve this for another occasion. This would then
give the conditions for a cable of length 1.

The strain which the insulation has to sustain is expressed by

,?vS5=-K-- (4)

hence the differentiation of the curves of Fig. 1 must give the
strain in the cable at different times and at different points. I
have carefully worked out these curves for my own satisfaction
with the help of the table of the values of the probability inte-
gral, and plotted them in Fig. 2. The ordinates of these curves
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FIG. 2.-Diagram Illustrating insulation Strains in a Cable at Different
Times and at Different Points.

represent directly the strain in the insulation at different times
and at different points, and it will be seen at a glance how severely
the insulation near the terminal is strained at the moment of put-
ting it in connection with the line.
A mechanical analogy will help us to understand the diagram

Fig. 2. Assume the cable to be similar to a rubber hose which
is suddenly put in connection with water under pressure, then the
hose will stretch, i. c., it will enlarge its diameter in proportion
to the ordinates of the curves marked 1, 2, 3, etc., i. e., it will
assume at successive moments the shapes represented by these
curves, and it is plain that, unless the rubber is very strong, the
hose will burst at one end the moment it is put in connection
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with the water under pressure. Our equations neglect the self-
induction and are therefore only approximate, but as they per-
mit a very clear insight into the effect of time on the distribu-
tion of potential, no attempt has been made to be more
rigorous. In our analogy with the hose we should have to
assume the water to be without mass, but having considerable
friction along the walls of the hose.

If the transformer is put with one terminal on to the line at
the moment of maximum e.m.f., these curves show approxi-
mately the conditions prevailing in the transformer as the speed
with which the electric wave penetrates is large in comparison
with the frequency.

CINCINNATI, August, 1902.


